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General and  Phys ica l  Chemistry, 

Dispersion of Carbon Compounds. By P. B m s m  and L. Roux 
(Comp,t. !rend., 111, 180-183; conipare Abstr., 1589, 865, this TO]., 

11. 1036) .--Measurements of the refractive and dispersive powers of 
simple and mixed ethers of !he methane series show that the disper- 
sive power and the specific dispersive power increase with the molecular 
weight., but are practically the same for all isomerides containing the 
same quantity of carbon. The introduction of CH2 into the molecule 
raises the specific rnolecdar dispersive power by about 8.2, In  the 

equation (: - - h)X = a, the value of a is -6.443, and of b +0-5790 ; 

in the equation (B - /3)(:) = R, #I = 0.6626 and K = --1*E4. 

In  methyl allyl, ethyl allyl, and propyl ailyl ethers, the dispersive 
power and specific dispersive power remain practically constant, and 
do not increase with the molecuiar weight. Comparing these ethers 
with others containing the same number of carbon atoms, it is seen 
that the dispersive power increases as the proportion of hydrogen 
diminishes. 

In the case of methyi benzyl, ekhyl benzyl, propyl bencyl, isoibuhyl 
benzyl, and nmyi benzyl ethers, the dispersive power diminiahes as 
the molecular weight increases, but the addition of C H ,  produces a 
variation in the specific molecular dispersion e q u a l ,  as in the methane 
series, to about 5.2. For the series. in the first equation, a = +40*87, 
and 6 = +0,5834; in the second equation, /3 = 0, and K about 4.4. 

I n  all cases the specific molecular dispersive power of the ethers is 
equal to the sum of the dispersive powers of the two alcohols from 
which they have been formed, minus the dispersive power of the 
water eliminated, c. H. €3. 

By ,I?. 
BARBINK, and L. Roux (Cornpi. rend., 111, 235-236).--The dispersive 
power of acids of the acetic series increases with their mo1ec:ular 
weight. Formic acid is an exception, if the dispersive power B i; 
alone considered, but the exception disappears in the case of the 
specific dispersive power. The dispersive powers of isomerides are 
pi-actically the same, but the values are highest in the case of the 
normal acids. The differences between the successive values of the 
specific molecular dispersive power% atre pradically coltstant, and 
equal to 7.8, so that the miriation of the specific dispe1.si.r.e power 
niny be represented as a function of the molecular weight, thus, 

(,: - b)M = u; in which a = -11,515, b = 0.5625. The relation 

between the dispersive power and the molecular rolume is the same as 
in the case of the corresponding alcotiols (this lo!., p. 1034), the 
values of the constants being /3 = +0*6353, K = -1.08. 

B 

Dispersive Power of Acids of the Acetic Series. 

C. H. S .  
VOL. LVlII .  4 Y  
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Dichromate Cell. By GENDRON (Dingl. polyt. J., 275, 68-70).- 
This cell, in which potassium or sodium dichromate forms the de- 
polarising fluid, is capable of yielding a powerful current for  a 
lengthened period. The area of its electrodes is large in proportion 
to the capacity of the cell ; the internal resistance is small, the 
electrodes being placed parallel, and as closely to one another as is 
practicable. The zinc plates are readily exchanged without the 
necessity of interrupting the current, the fluid can be kept at  a 
consLant level, whilst the spent liquor is removed from the lower part 
of the cell by the aid of an automatic arrangement of valves, full 
details and drawings being given in the original. 

Theory of Secondary Batteries. By F. STREINTZ and G. 
NEUMANN (Ann. Phys. ChPm. fa], 41, 9?-112).-Streintz, in a 
former paper (this ~ o l . ,  p. 315), showed the electromotive behavionr 
of the plates of a secondary cell on charging and discharging. The 
authors now endeavour to fix the chemical reactions which take 
place at  the same time, and €or this purpose investigate the difference 
of potential exhibited by various lead compounds with respect to an 
amalgamated zinc plate. The compound wa4 pressed into two strong 
glass vessels, one provided with a platinum, the other with a bright 
lead electrode. The zinc plate was immersed in dilute sulphuric acid, 
aiid connection made with the substance by means of a woollen 
thread moistened with the acid. The lead or platinum electrode was 
conuected with one pair, the zinc plate with the other pair of 
quadrants in a sensitive electrometer. When the same result was 
obtaiued with lead as with platinum, i t  was concluded that the con- 
duction was metallic ; when otherwise, electrolytic. The lead 
compounds investigated were the oxides Pb,O, PbO, Pb304, PbOz ; 
the hydroxides Pb(OH),, PbO(OH),; and the sulphate. The per- 
oxide was the only substance that showed metallic conduction, and 
in general the difference of potential a.gainst zinc increased in the 
case of the oxides aud hydroxides with the quantity of oxygen they 
contained . 

The authors formulate their conclusions as follows :--The pheuo- 
mena in ;L secondary cell are sufficiently explained by the behaviour 
of metallic lead, its sulptiate, and its peroxide, together with the 
gaseous ions, oxygen and hydrogen. On discharging, the metallic 
surface of the negative plate is converted into sulphate, which passes 
in part into peroxide; whilst the peroxide of the positive plate is 
superfivially converted into sulphate. On charging, the sulphate 
disappears fiaom both plstes, and finally the negative plate consists 
entirely of lead and absorbed hydrogen, the positive plate of pure 
peroxide. (Compare Frankland, this vol., p. 842.) J. W. 

Electrical Properties of Semi-permeable Walls. By W. 
OSTWALI) (Xe& physikal. Chpm., 6, 71-82) .-A semi-permeable 
material is looked on fts one which allows the passage through it of 
t h e  solrent, but no t  of the dihsolved salt. The permeability of any 
gi en materid does not, however, depend on the nature of any given 
salt as a wliole, but on that of each of its ions. Ferrocyanide of 

D. B. 
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copper is permeable by potassium chloride, because it allows the 
passage of both the potassium and chlorine ions, not by barium 
chloride, because it will not allow the passage of the barium, and not 
by potassium sulphate, because it will not allow the passage of the 
SO, ions. 

If a solution the ions of which cannot pass throngh a serni-per- 
meable mflterial, be submitted to electrolysis, the elerkodes being 
separated by a. semi-permeable wall, the latter will itself act as a 
metallic electrode. Two glasses were filled with normal copper 
sulphate solution, and connected by a U-tube, the ends of which were 
covered with parchment paper. The U-tube was  filled with normal 
potassium ferrocyanide, so t h a t  a hyer of copper ferrocyanide formed 
on the paper, arid a current was then passed from one glms to the 
other. After a time, copper was found deposited on the parchmerit 
paper in the glass which contained the positive electrode. The 
mechanisni of the process appears to be that the positively-charged 
copper ions come i n  contact with the ferrocyanitle film, through 
which they cannot pass, and therefore here give up their charges, and 
are deposited in the metallic state. The same thing happens t o  the 
negative FeCy6 ions at the other side of the film. These, by loss of 
an equivalent of negntive electricity, become converted into the triad 
ferricyanide ions. At the other film, the potassium ions, which can 
permeate the copper ferrocganide, pass through and nnite with the 
SO, ions of the copper sulphate, and so establish electrical equi- 
librium, 

This view of the peculiar behaviour of semi-permeable materials 
towards different ions affords an explanation of the fact noticed by 
Becquerel that when a tnbe containing copper nitrate solution is 
placed in a solution of sodium sulphide, a deposition of copper takes 
place in the intericw of the tube. In this case, t h e  copper sulpliide 
first formed allows tile passage of the NO3, but not of the copper ions. 
The NO3 ions coming in contact with the sodium sulphide brii?g 
about the following change :- 

2 N 0 3  + 2Na, S = 2Na KOs + K2 S,. 

If the positire and negative charges are counted, i t  will be seen that 
there are six negative and four positive before, and four negative and 
four positive after the reaction. The negative charges set frec! 
combine with tlie positive charges of the copper ions on the other side 
of the film, and the metal is thus deposited. 

The author shows that many electrophysiological phenomena are 
explained by the abtwe facts with regard to semi-permeable materials, 
as that of the secondary resistance of albumin noticed by Uubois- 
Reymond (Monatsber. B e d .  Akad., 1860, 816). The fact that damp 
membranes ma-y, under circumstances, act as perfect insulators is also 
thus explained. H. C. 

2(-) 4(+) 4(-) 2(+)  2(-) 2 ( + )  2(-). 

Difference of Potential between two Dilute Solutions of 
Binary Electrolytes. By M. PLASCK ( A m .  Php. UhRtIf. [2], 40, 
561-576).--In a former paper (this vol., p. G'i?), the author calcu- 

4 y 2  
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46 *lo  
45 *lo 
44 -07 
42.76 

lated the difference of potential for the case of two solutions contain- 
ing %he s m e  electrolyte in different proportions. The integration of 
the differential equations for the general case of two solutions con- 
twining different electrolytes is the subject of this communication. 
The existence between the two solutions of a limiting layer of small 
but &ill finite thickness is assumed. Different values for the differ- 
ence of potential are found according to the way in which the 
cmcentration is suppwed to alter within the intermediate layer. 
The author shows, however, that  in a very short time a state of 
stabilihy will be reached in  which the total concentration (sum of the 
concentrations of the positive or negative ions) will vary within the 
layer as a linear function of the distance. This consideration is 
sufficient to make the above problem uniquely ~soluble, supposing the 
electrolytes to be completely dissociated. A comparison of the cal- 
culated values for the difference of potential with Nernst's experi- 
mental m m b m  shows a satisfactory agreemsnt.. J. W. 

45 -99 46 -09 - 0 *000024 
45 *18 45 '09 + 0 '000021 
44 -33 44 *r)6 + 0 *000068 
43.58 42 -74 + 0 *om192 

Electrical Resistance (of the Alloys .of Fmo-manganese and 
Copper. By E. L. NICHOLS (Amsr. J. Sci. [3], 39, 471-477).--- 
The resistance of alloys of ferro-manganese and copper was deter- 
mined at 20" and loo", the object being to investigate the change of 
r.esis.tance with change of temperature betwem t,hese limits. Irl the 
course of these experiments, it was found $hat a number of the alloys 
had the remarkable property of decreasing in resistance each time 
that they were subjected to a change of temperature, an alIoy con- 
taining80.82 per cent. of copper and 19.12 per cent. of ferro-mrrn- 
ganese, when heated and cooled through the above range of 80°, 
diminishing i n  iesistamee with each operation, the diminution being 
still perceptible a t  the end of the seventh cycle. On being then 
mised to a 1-ed heat and allowed to cool, a, still more marked diminu- 
tion in the resistance orf the above alloy was found to have taken place. 
The temperature teoefficient of this alloy mas positive., and continaed 
to increase as the heating and cooling process was repeated. With 
an alloy consisting of i O 6 5  parks of copper and 29.35 parts of ferro- 
manganese, a similar behnviour was observed. After being brought 
into a conditioii of stability such that further heating and cooling 
through a range of 803 had but little permaneut effect upon its cctn- 
ductivity, i t  still showed, when hard drawn, an appreciable uegative 
coefficient. It was then annealed three t i w s  at red heat, specific 
resistance and coefficient being determined for the range of 20" to 
100" after each annealing. The results were as follows :- 

Condition. 

I ---- 
Rather hard . . . . . . . . . . 
Once tmnealed . . . . . . . 
Twice aniiealed , , . . . . . 
Thrice annealed . . . . . . 

Specific resistance. 

Coefficient. 
20". 1 100". 1 zoo. 
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A number of similar alloys showed, when hard rolled, a coefficient 
very near to zero, sometimes positive, sometimes negative. After 
annealing a t  300" to 400°, a well-defined negative coefkient, after 
annealing a t  a. red heat, a still larger positive coefficient, was pro- 
duced. It was found that the positire coeflicieat produced by annealing 
could be reduced again by rolling the alioy. 

The relation of composition to the temperature coeffieients was 
determined. With 10 per cent. of ferro-manganese,. the change of 
resistance is less than 1 per cent. for 100". Alloys containing from 
15 to 20 per cent. of ferro-manganese have exceedingly small 
coefficients, the coefficient at 18 per aent. being practically zero. As 
above shown, the coefficient may be made to undergo a considerable 
alteration by var,ying the temper of the metal. The rnnrked inflaence 
of temper upon the conductivity of these alloys renders it difficult lo 
determine the precise law of the change in1 specific resistance with 
tlie composition. It would, however; appear from the results that  
the resistance increases nearly in direct pEopoction to the pereentjage 
of f e r ro - mangan ese . 

Conductivity of Distilled Waber. By W, OSTWALD (A im.  Phys. 
Chein. [ 23, 40, 735-737).-The author contends, as against Pfeiffer, 
tha t  the electrical conductivity of &stilled water is in great measure 
due to the presence of carbonic anhydride in solution, which can only 
be removed b j  distillation over a. considerable quantity of a base, by 
preference lime. J. W. 

H. C. 

Behaviour of Mannitol tawaEds Boric Acid. By G. M.AGNAKINI 
(Zeit. physikal. Chew., 6, 58--7u).-It is well known that some 
action takes place between boric acid and mannitol when in solution, 
and the assiimption has been made that the two combine Bo form 
ethereal salts. In order to test thk view, the author has determined 
the conductivity of solutions o€ boric acid containing differeut 
amounts of mannitol. The apparatus used was that described by 
Ostwald (Abstr., 1889, 4), and the molecular conductivities pfa and ptro 
of boric acid and of mannitol were calculated# on the assumption t h a t  
in each case the conductivity was due solely to tlie preseiice of one 
of the two sububances. 

The molecular conductivity of boric acid is found to be enormously 
increased by the addition of m w i t o l ,  the increase being greater she 
larger the amount of mannitol added. One must therefore assume, 
sirice mannitol is a non-conductor; that some electrolyte is formed in 
the solut.ions, increasing in amount with the mannitol added. It 
furtber appears that the molecular conductivity of boric acid in the 
presence of mannitd decreases with rising dilution, a behaviour 
which is opposed to tha t  of aLl other electrolytes. One may, however, 
assume in this case that, the compound of boric acid and mannitol 
first formed is subject to hydrolysis, nad therefore will be decomposed 
by the addition of water. The decomposition of the electrolyte with 
increasj iig dilution then explains the decrease in  the conductivity 
which takes pltwe. This view is further? supported by the fact that 
solutions containing a large proportiorr of mannitol behare normally 
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up to a mrtain dilution, the conductivity regularly increasing; bn€ a 
maximum is after a time reached, and a decrease then sets in, no 
doubt due to the fact that the hydrolytic has become greater than the 
electrolytic dissociation. 

Applicatiou of the Guldberg-Waage theory loads to  the conclusion 
that a compound of boric acid and mannitol is formed in the above 
solutions, containing 3 rnolectiles of the former to 1 molecule of the 
latter. The amouitt formed at  constant temperature is a function of 
the amounts of water, boric acid, and mannitol, and may be deter- 
mined wifh respect to  the last two suhstancm i n  accordance with the 
laws of chemical equilibrium, since the electrical condnctivity of a 
solution containing different amounts of boric acid and manriitol in 
the same amount of water varies in  accordance with the same laws. 

Other substances containing hydroxyl grwps are found to increase 
the conductivity of boric acid solution, Dulcitol was examined, but 
a simple relation was not found in this case. Measurements are also 
given for solutions of tartaric and boric acids, which lead to the con- 
clusion that these form at least one compound with one another. 

H. C. 
Effects of the Silent Dmcharge. By P. SCHUTZENRERGER 

(Conrpt. wmd., 111, 14-18; compare this vol., 691, 692, and 96l).- 
The apparatus employed consisted of a vertical discharge tube, with 
armatures of acidulated water. The lower end of the tube was drawn 
out and connected, by means of a semi-capillary copper tube, with a 
horizontal glass tube 1.3 m. in length and 10 mm. in diameter, con- 
taining 0.3 m. of pumice and phosphoric anhydride, 9-25 m. of pumice 
and sulphuric acid, 0.25 m. of moist potash-pumice, and 0.25 m. of 
spongy platinum. The spongy platinum was kept at  a dull red heat, 
in order to remove the last traces of oxygen from the combustible 
gases used in the experiments. 

A current of gas was passt-'d slowly through the apparatus, and was 
subjected to the action of the discharge. Under these conditions, the 
gas in the annulax- spnce through which the discharge passed was 
continually renewed, and the gafieous products were carried forward 
into the collecting apparatus, which contained phosphoric snliydride to 
absorb the water, arid potash to  absorb the carbonic anhydride. 

A slow current of carbonic oxide was passed through the apparatus 
for six hours without any discharge ; there was no alteratiori in the 
weight of the collecting apparatus. Four experiments were made with 
the discharge, from 0.2 to 0.8 gram of solid matter being condensed i n  
each case. In three experiments this product was deep brownish- 
black, and in one i t  was pale-brown in  colour. It was only very 
partially soluble in water, and the brownish-yellow solutions were 
very feebly acid. The proportion of hydrogen did not exceed 0.2 to 
0.3 per cent., and the ratio of carbon and oxygen was Ca : 0, in one 
case, and C5 : Og in another. 

A soluble and acid product obtained by renewing the gas in the 
apparatus at the end of every three hours only had the composi- 
tion C, 42.1 ; H, 1.4 ; 0, 56.5 per cent. ; whilst when the water and car- 
bonic acid were absorbed erery half hour, the results were as fol- 
lows :- 
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C pcr cent. H per cent. 0 per cent. 
47.28 0.48 52.24 
45-02 0.60 54.38 
45.00 0.59 5441 

The longer the action of the discharge on the =me quantity of cat, 
the greater the proportion of hydrogen and oxygen in the condensed 
product. The solubility and acidity increase with the time of action, 
and the ratio between the carbonic anhydride formed and the  con- 
densed product diminisheg up to % certain limit'. In four experiments 
i n  which the gas was continually renewed, the ratio of the weight of 
the condensed product to the weight of the carbonic anhydride 
formed was 2.39, 2-38, 1.39, 13.5, whilst the continued artion of the 
discharge on one and the same mass of gas gave a mtio of 2.2 after 
an hour, and 2.5 to 2.6 nfter four days. The ratio of the oxygen and 
hydrogen in the condensed product is not the same as in water ; there 
is an excess of oxygen. From the cornposition of the condensed pro- 
riuct and the weight of gaseous carboriic anhydride formed a t  the 
hame time, it iollows that only about half tbe oxygen required to 
produce the cwbonic anhydride has been obtained from the condensed 
carbonic Dxide, and hence oxygen must have been derived from 
external sonrces. Moreover, the oxygen introduced from without is 
more than could exist in  combination with the hydrogen (also derived 
fx*om external sources) in the form of water. 

If a carrent of pure and dry nitrogen is passed through the appa- 
ratus, arid is subjected to the action of thedischarge, there is no alter- 
ation in the weight of the absorbing apparatus, and hence it follows 
that the elements of water do not pass through the glass in a com- 
bined condition, and, moreover, do not pass through cracks or pores 
in the glass. It would seem that the oxygen and hydrogen pass 
separately through the glass bg a kind of electrolytic transportation, 
aud are detected only when they come in contact in the annular space 
with Eome substance, such as acetylene, which can combine with the 
oxygen, or c;irboiiic oxide, which combines with both oxygen and 
hydrogen. C. H. B. 

Influence of a Magnetio meld on the Electrical Resistance 
of Gases. By A. WITZ ( C ~ i n p t .  rend., 111, 264-266).---A magnetic 
field has no influence on the silent discharge in gases ; its etfect in the 
case of a Geisslcr t u b  must b attributed to the special constraction 
of the tube, and the state of rarefaction of the gas which it) contaixis. 
Such tubes st'er~ to behave like condensers, aud the effect of a magnet 
may be attributed ta an alteration, in their electrical capaeit.7. 

C. 11. B. 
Heads of Formation of Amid=. By BERTHELW and FOCH 

(Comyb. rend., 111, 144---146).-The last column gives the heat of 
formation from the solid acid and the crystalliaie h s e  with elitnina- 
tion of vabcr. 
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,-.---- 

Acetiamide . . .. 
I'ropionamide.. 
Benzamide . . , . 
Succinimide . . . 
Acetadide . . . . 
Benzanilide . . . 

Molecular heat of combus- 
tion. 

Const. vol. ' Const. press. 1 
288.0 288 '1 
453 *6 436 *O 
831 *9 852 -3 
439 -3 439 -2 

1016 *l 1016-8 
1582 *Z  1583 7 

-- 

I I I 

Molecular heat of com- 
bustiun. 

Const. vol. Const. press. 

502 * 3  502.6 
557 -1 567.1 
560 *.7 560.7 

---.- 

Heat of 
forrnatio t i .  

-__._., 

+219*6 
+239*4 
+255*8 

Heat of 
formation 
froin ele- 

ments. 

-- 
72 -9 
88 4 
49 *3  

110 -5  
52.1 
22 *I. 

2026.1 
661 ' 8  

Heat of 
dissolution 

at 1 &--14.5' 

-- 
- 1 *85 
-0 .97  - - 
- 
- 

- + '175 *3 
- + 318.0 

-- 
- 5 *o 
- 5.6 
-23 .1  
+ 13 '9 
+ '1.1 

- 

The formation of the anilides develops more heat than the forma- 
tion of the comesponding amides, a result which explains their 
greater stability in eontact with water, the difference being in- 
creased because the heats of formatios of the ammoninm salts are 
greater khan those of tbe aniline salts. 

=eats of Fornation of Sugars: Ry BERTHELOT and MATIGNON 
(Compt. rend., 111, 11-14).- 

C. I€, B. 

Eryt luol . . . . . . . . 
Ariibinosc . . . . . . . . 
Xplose. . . . . . . . . . . 
Raffinose . . . . . . . . 
Inosite (racemic). . 
Inosiie (inactive). . 

122 
150 
150 
504 
180 
183 

Heat of 
eom bus- 
tion, 1 
gram. 

4117 - 6 
3714 *O 
3739 -9 
4020 -0 
3676 -8 - 

The heat of formation of dextrogyrate and of hrogyra te  inosite is 
316.2 Cal., from which it folfloas that the inactive inosite contains 
a reserve of energy. 

Heat of dis- 
solution of anhydrons raffinose at 18*1", $8.38 Cal.; of hydrated 
raEnose at 17*7", -9.72 C d .  

Heat of dissolution of erytbrol at 24", -5.54 Cnl. 

Differences Between Heafs of Formation. 
Methyl alcohol (liquid) and glycol (liquid). . . . . . . . + 113 Cal. 
Grlyercol (cryshllised) and erythrol (crystallised) + 114 
Erythrol (crystallised) amd mrtnnitol (crystallised) + 113 x Ca.1. 

Ethyl alcohol and glycol .. . . . . . . . . 
Propyl alcohol and glpcerol . . . . . . . . 
Butjl alcohol and erythrol , . , . . . . . 

+41*5 Gal. 
3.42.7' x 2 Cal. 
$43.5 x 3 ,, 
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Const. vol. 

From the last three numbers it will be seen that the heat of suh- 
stitution of hydroxyl, OH, for hydrogen, H, increases in proportion to 
the hydricity of the alcohol. They also represent the difference 
between the heat of fixation of CH2 (about 156 Cal.) and CHOH 
(about 113 Cal.). C. H. B. 

Const. press. 

Heats of Combustion of Sulphur Compounds. By BER- 
THELOT and MATIGNON (COWL@. 7*end., 111, 9-1 l).-Determinations of 
the beats of combustion of carbon compounds containing sulphur 
have hitherto been somewhat, unsatisfactory, owing to tbe difficulty of 
ensuring complete oxidation of the sulphur. If, however, the com- 
pound is burnt in a calorimetric bomb filled with oxygen under a 
pressure of 25 atmospheres, the oxidation of the sulphur is complete 
and instantaneons (compare this vol., p. 1462). If the compound 
contains very little hydrogen. the addition of camphor is necessary. 

669 -5 
385 -0 
396 -4 

Heat of 

tion, 
1 gram. 

corn bus- 

670.3 - 14.9 

398.1 - 22.6 
385.7 +385*7 

Thiophen .............. 
Taurine ............... 
Carbon bieulphide (liquid) 

7970 -1 
3080.6 
5217 -0 

Heat of formation of gaseous carbon bisulphide, -27.0 Cal. 

Stability of Salts alone and in presence of Water : Aniline 
Salts. By BERTHELOT (Compt. rend., 111, 135--144).-Aniline Sal- 
phate :-Molecular heat of dissolution (284 grams) a t  24", -4.63 Cal. ; 
heat of neutralisation of aniline by one equivalent of sulplturic acid, 
+ 8.63 Cal. The heat of dissolution of aniline is given by the equn- 
tion Q = --(t-11-9)0*0447 Cal,, and hence the neutralisation of one 
molecule of dissolved aniline by an equivalent of dilute sulphuric 
acid develops + 9 2 1  Cal., a number 5.3 Cal. lower than the corre- 
fiponding value for ammonia. The difference between the heats of 
formation of the two solid salts from dissolved base and acid is 
4 3  Cal., and from gaseous constituents 5.1 Cal, The addition of 
an equivalent of sulphuric acid to  at molecule of aniline sulphate 
absorbs -0 81 Cal., or, as in the case of soditim, potassium, arid am- 
monium, the heat of formation of the acid sulphate is lower than that 
of the normal salt. An excess of aniline produces no sensible thermal 
disturbance, a fact which shows that conibiiiation between the base 
and t,he acid is very nearly, if not quite, complete. Nevertheless, 
aniline sulphate in solution nndergoes slight dissociation, especially 
when heated, the extJent of dissociation, although small, being dis- 
tinctly greater than in the case of ammonium sulphate, 

Thermochemical measurements show that sodium hydroxide com- 
pletely displaces aniline from its sulphate evea in presence of an 

C. H. B. 
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excess of aniline. Ammonia also displaces the aniline, but in this 
case there is a slight division of the acid bekween the bases, a result 
due to the ptirtial dissociation of the two sulphates in sdution. 

Aniline Nitrate nnd Chloride.-These salts stand in precisely the 
same relation to the corresponding ammonium salts as does aniline 
sulphate to ammonium sulphate. In the case of both bases, the heats 
of formation of the nitrate and chloride from the  acid and base are 
the same. 

Aniline acetate has not been isolated in the solid state. The addi- 
tion of acetic acid to an equivalent quantity of aniline at 24" develops 
+1.53 Cal., and if it is assumed that the heat of fusion of the acetic 
acid is Che same as that of aniline acetate, the heat of formation of 
this salt from gaseous constituents is +lob1 Cal. The heat of for- 
mation of the ammonium compound is + 8.4 Cal. greater, and hence 
the combination of aniline with acetic acid is much less complete 
than with the acids previously mentiooed. A solution OP aniline and 
acetic acid in equivalent proportions gives a, further development of + 1.41 Gal. on addition of a second equivalent of acetic acid, arid + 0.73 Cal. with a second equivalent of aniline. In  solution, therefore : 

NH,Ph + HOAc , . . . develops +3*8 Cal. 
XHZPh t 2HOAc .. 7 )  +54 7 t  

2NH2Ph + HOAc . . . 1) 4-4 8 , 9  

AniEine BenzoatP.-A niline and benzoic acid, when gently heated 
together in equivalent proportions, yield a homogeneous liquid which 
crystallises on cooliog and dissolves completely in  water. If the 
bolu tion is concentrated by evaporation, it deposits crystals of benzoic 
acid, and the dissociation of the salt is practically complete. The 
heat of dissolution of the crystalline product is -4.79 Cal., and from 
this and the heat developed by the action of sodium hydroxide 
it, follows that thc action of the liquid aniline on the solid acid 
develops + 2.7 Cal. The heat of formation of the benzoate from 
gaseous constituents would be + 11.3 Cal., and the diEerence, 5.7, 
between this number and the value for the ammonium salt is nearly 
the same as in the case of the nitrates. The formation of the solid 
salt from dissolved acid and base is + 9.8 Cal., or  5 Cal. higher 
than i n  the case of the acetate. It follows that though the salt 
partially dissociates on solution, the dissociation is much less than in 
the case of the acetate. 

The crystalline product spoken of as aniline benzoate is really a 
mixture of crystals with an oily substance, and if the crystals are 
separated by repeated pressing hetween filter paper, they are found 
to have the composition of the acid benzoate, PhNH2,2C7H602. 

C. H. B. 
Equilibrium and Reciprocal Displacements between Volatile 

Organic Bases. By BERTHELOT (Cmpt.  rend., 111, 289-296 ; com- 
pare preceding abstract).--Piiueridirte is alkaline to litmus, nnd when 
treated with water, heat is developed in  gradually increasing quantity ; 
CsH,,N + l$H20 develops + 1.6 Cal. ; + 3H20, +2*3 Cal. ; + 9Hz0, 
+ 3 3 Cal. ; + 300H20, + 6.46 Cal. These results indicate the formation 
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of a partially dissociated hydrate, and in this respect piperidbe resem- 
bles trimethylamine. The tertiary bases, in fact, show in a well marked 
degree that power to combine with the elements of water which 
characterises the quaternary bases. This fact has to be taken into 
account in determinations of the heats of neutralisation of these 
co m pounds. 

C,H,,N diss. + HCl diss. derelops +13*32 Cal. ; C,H,,N liq. + 
HC1 gas = C,H,,NCl solid, develops + 38.2 Cal. ; C5H1,N gas + HGI 
gas = C,H,,NCl solid, develops +46 Cal. These numbers are of the 
same order of magnitude as the corresponding numbers for the 
ammonia m compounds. 

C,H,,N diss. + &H2S0, diss. develops +15 5 Cal. ; C5HIIN diss. + 
H,SOa diss. develops t 1 4 . 3  Cal. As in the case of pyridine and the 
alkali metals, the neat of formation of the normal salt is greater than 
that of the hydrogen salt. 

Both piperidine and ammonium salts are slightly dissociated iu 
solution, and there is reciprocal displacement to a certain extent when 
the salts are mixed. C,H,,N dim. -+ NH,Cl diss., develops +0*4 
Cal. and C,H,,NHCl diss. + NH, diss. absorbs -0.45 Cal., the sum 
of the two diff’erences being practically identical with the difference 
bet Keen the heats of neutralisation. 

The author is unable to confirm Colson’s statement (this vol., p. 1368) 
that piperidine displaces calcinm from calcium chloride. On the 
contrary, the thermal disturbances show that sodium hydroxide and 
calcium hjdroxide displace piperidine almost, if not qnite, completely, 
from solutions of its bydrochloride, and freshly precipitated calcium 
hydroxide readily dissolves in strictly equivalent pi.oport,ions in it, 

solution of piperidine bhydrochloride. I f  the piperidiire has been 
exposed to the air and has absorbed carbonic anhydride, then i t  pre- 
cipitates calcium salts, aiid if carbonic anhydride is passed into a 
solution of calcium chloride containing piperidine, calci urn carbonate 
is precipitated. 

On the other hand, if piperidine is poured into a saturated solution 
of calcium chloride, a precipitate forms immediately, and the whole 
liquid becomes solid. The precipiiate is not calciuni hydroxide, but 
re-dissolves completely on addition of water. Calcium nitrate and 
acetate behave similrrlg, but the precipitate with the cliloride requires 
the greatest quantity of water to dissolve it, and in this caso also the 
clevelopment of heat is greatest. It is probable thrtt these precipitates 
are compounds of Che chloride or  oxychloride with piperidine, ana- 
logous to tbe ammoniacal compounds of calcium and other metals 
Piperidine also precipates barium chloride, but only from a saturated 
solution, and without decomposing it, the piperidine exerting a de- 
hydrating action similar to that of hydrochloric acid. Like ammonia, 
however, piperidine precipitntes magnesium salts. 

1’yridine.-The data are as follows :- 

CaH,N liquid + 22OH,O at 22” ........ develops f2.12 Cal. .............. C5H,N diss. f HC1 diss.. f 5 - 1  9 9  

CaHIN diss. +&H,S04 diss. ? *  + 7.1 9 ,  

C5H6N liq. + $K,SO, diss.. ............ 11 +9*2’, ,) 
............. 

C,HsN.~E2S04 + &H2S0,. ............. absorbs +@87 .. 
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The first two values agree with Colson’s determinations :- 
C5H5N diss. + NH&l diss. . . . - .  develops 0.0 Cal. 
C5H5N,HC1 diss. + NH, diss.. . . 7, + 7.3 9 ,  

Ammonia displaces pyridine almost completely, but there is some 
evidence of a division of the acid, due to dissociation of the ammonium 
salt, a,s in the case of aniline. 

The addition of pyridine to calcium chloride solution develops a 
small quantity of heat (0.12 Cal.), b u t  there is no precipitate. If, 
however, carbonic anhydride is. passed into tlie liquid, calcium carh- 
onate is precipitated, a reaction which does not take place in the case 
of aniline. 

In  the case of piperidine and pyridine, there is some division nf 
hydrochloric acid, butl the greater part remains in combination wi th  
the first base. 

AniZine.-The heats of formabion crf the snlts of aniline are almost 
identical with those of the salts of pyridine, and when aniline is added 
to a fiolution of pyridine hydivchloride there is a partial displacement, 
of the pyridine. Pyridine displaces aniline from its sulphate to rz 
considera.ble extent, although not completely. In  no case, in  fact, i s  
displacement by pyridirie complete, the distribution of the acid being 
determined by the degree of dissociation of the two salts. 

C. H. B. 
Boiling Points of Substances are a Function of their 

Chemical Nature. By M. WILDERMANN (Bey.,  23, 1468-1470, arid 
2146-2151 ; compare this vol., p. 941).-The anthor quotes furthela 
instances in support of the law given in his previous paper with 
regard to the boiling points of substances. Objection is raised to the 
view recently put forward by Guldberg (this vol., p. 1043) that the 
ratio TIT,, where T is the absolute boiling point and TI the absolute 
critical temperature, is practically constant ; from which i t  also 
follows that the ratio T[’L” of the two boiling points a t  the pressures 
n aiid np will be constant for  substances the critical pressures of which 
do not greatly differ. It was shown by the anthor in the paper above 
quoted, that the relation of boiling point to pressnre is a function of 
the chemical nature of a substance. The above ratio TIT’cannot 
therefore be the same function of the pressure for substances of 
different chemical nature, so that even if such substances have equal 
critical pressures, the values for the ratio T/T‘ will not be equal. 

Determination of the Vapour Pressures of So3utions. 
H. C. 

By 
G .  CHARPY (Compt. rmd., 111, 102--103).--‘l‘he solution is placed in 
a, large test tube, the upper part of which contains a srnnll condensa- 
tion hygrometer. The space above the liquid is allowed to become 
fiitturated with the vapour of the solvent, the process being accelerated, 
if necessary, by reducing the  pressure, and the dew point is de- 
termined. If the law of the variation of the vapour pressnre of the 
solvent is known, the vapoiir pressure of’ the solution at  the tempera- 
ture of the experiment can be readily calculated. The accuracy of the 
determioation is greater, the feebler the pressure that has to be 
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~~ 

- --- --- 
Temp. Krause and Mey-er. Cahours. 

100" 2-67 2 -60 - 
125 2 - 5 1  2-43  3 .20  
140 2.28 2 *2d z '90 

measured. This method is applicable to the case of solutions which 
:Ittack mercury, and which, therefoye, could not be introduced into a 
barometric tube. C. H. B. 

I 

Krause and Meyer. Ctthours. 
-- --- --- 

I 
2.18 2.48 160' i 2.12 

190 2.14 2.97 2.30 

Temp* I 
- I -  - I -  

Some Vapour-density Determinations. By A. KRAUSE and V. 
MEYER ( Z e i f .  physikal. Chenz., 6 ,  5-9).-The method described by 
Uemnth and Meyer (this vol,, p. 440) for determining the Tapour 
density of a substance below its boiling point is found t o  be still 
applicable when other gases such as air, nitrogen, or even carbonic 
anhydride are used in place of hydrogen to fill t h e  vaporisipg bulb of 
the apparatus. The vaporisation is then much slower, hut determi- 
nations of the vapour densities of xylene at  40°, and of paranitro- 
toluene at  33", below their boiling points, i n  air and in carbonic 
anhydride, show that perfectly accurate resuIts are obtained. The 
above gases may therefore be employed in cases where hydrogen 
cannot be used, but it is preferable to  use the laitter in all cases where 
lwssihle. 

Using the Dumas method, Cahours found that the theoretical 
vapour density of acetic acid is first reached a t  250". The authors 
find that by their method the theoretical vapour densitg can be 
reached at  about 360". The results obtained wet e as follows :- 

The theoretical number is dW3. 
Iodine, according to Troost, st the ttemperature of boiling sulphur, 

already shows dissociattion when under a reduced pressure. No sign 
of dissociation was, however, found b r  the authors when iodine was 
allowed to vaporise at the above temperature in the presence of a 
large excess of air. An experiment performed with sulphur a t  the 
same ternperdure, and in ail atmosphere of nikrogen, gave a vapour 
density corresponding with S,. This is looked upon as accidental, as 
tile vapour density is not constant, at  these temperatures. H. C. 

Osmotic Experiment. By W. NERNST (Zeit. physikal. Chenz,, 6, 
37--40).-If we have two solutions in the same solvent of different 
concentrations, separated by a layer of a second liquid in which the 
solvent is soluble, but not the dissolved substance, the liquid will  act 
as a semi-permeable material, allowing the passgge of the solvent 
from the solution of less to that of greater concentratiou, but not 
:tllowing the passage of the dissolved substance. This is shown to be 
tire case with solutions of benzene in ether separated from one another 
by a membrane satur'tted with water. H. C. 

Rijle of Solid Substances in Chemical Equilibrium. By 
A. EOBSTMANX (Zez't. physikal. Chem., 6, 1-4).-1t is a matter of 
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common experience tha t  the relative amount of a solid substance 
exercises no influence on chemical equilibrium, or, a8 it is usually 
expremed, the active mass of a solid substance appears to be constant. 
Thus when carbonic anhydride is in coctact with a mixture of calcium 
carbonate and lime, although seemingly the mixture should absorb a 
greater quantity of carbonic anhydride, the greater the amount of 
lime present, this is not found to be the case, the tension of the gas 
being independent of the proportion of the two solids in the mixture. 
This fact has not hitherto been satisfactorily explained, but Van't 
Hoff's recent views w i t h  regard to the existence of solid solutions 
(this vol., p. 1044) now open out a way for such an explanation. 

Two solid substances, A and R, will, RS a, rule, form with one 
auother two saturated solutions, the one containing a small quantity 
of I3 in a large quantity of A, and the other a fimall quantity of A 
in a large quantity of B. Under these circumstances, equilibrium 
will, within very wide limits, be independent of the proportion 
of the two solids. In  the case of calcium carbonate just considered, 
one may assume tha t  there are two solutions, one cont,aining aCaO in 
lOOCaCO,, and the other bCaC03 in 100Ca0, where a and b are 
both small quantities. According to a well known thermodynamic 
principle, the tension of carbonic anhydride above these two solutions 
must be the same, and this will remain constant as long as the twc 
solid solutions are present a t  the same time, whatever be the 
relative a.mounts of the solid substances ; for the addition or removal 
of carbonic anhydride can only alter the amounts of the t w o  solutions. 
but not their composition, and hence the tension also remain5 
unaltered. The tension will only becoine variable when the quantity 
of one of the constituents is so small that  only one of the twG 
solutions can be formed. H. C. 

Affinity Coefficients of Alkgl Halogen Compounds and of 
mines .  By N, MENSCHUTKIN (Zeit. physikal. Chem., 6, 41--57),- 
In a former paper (Abstr., 188$, 901), the author has shown that thr 
nature of the solvent exercises a very material influence on tht 
velocity of the chemical reaction there studied. I n  order to submii 
this influence to a further examination, the velocity of the action o', 
triethylamine on ethyl iodide in various neutral and chemically 
indifferent solvents was determined. The following table gives the 
compar:ttive values of the veloc*ities in different solvents, that in 
benzyl ftlcohol being taken as 100 (the grcat.est velccity) :- 

.Hydrocarbons. 
Hexane ............ 0.13 XFlene ............. 2.2 

Yropyl chloride.. .... 4.0 Bromobenzene ....... 20.3 

Heptane ........... 0.17 1 Benzene ............ 4.4 

I a-Bromonaphthalene .. 84.9 

Xalogen Compounds. 

Chlorobenzcne ...... 17.4 
Ethers. 

Ethyl isoamyl ether.. 0.47 Phenetoil ........... 16-0 
Ethyl ether ........ 0.57 Anisoil.. ............ 30.3 
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Distribution of Hydrogen Sulphide between the Metals of 
two Dissolved Salts. By G. CHEYNEAU (Compt. rend., 111, 269- 
271).-Hydrogen sulphide was added to a solution containiitg lead 
nitrate and copper nitrate in equal molecular proportions. Direct 
experiments showed that in the case of both salts incomplete or exact 
precipitation yields always a monosulphide. The division of the 
hydrogen sulphide between the two metals takes place in the direc- 
tion indicated by the thermochemical data. Copper is precipitated 
more rapidly than lead, and the composition of the precipitate varies 
continuously with the proportion of hydrogen sulphide. The ratio 
of copper t o  lead also varies with the time during which the three 
compounds remsin in contact.; it first decreases, attains a minimum 
after a few minutes, and then gradually increases. c. H. B. 

Berthollet’s Laws. By A. COLSON (Conyt .  rend., 111, 103-106). 
-Pyridiire, aniline, and nicotine give no precipitate with solutions 
of calcium salts, and hence are exceptions to oiie of the laws of 
Berthollet. The heat of neutralisation of diisobutylamine is practi- 
cally the same RS that of calcium hydroxide, and, like the latter, the 
amine precipitates magnesium hydroxide, but is expelled f rom its 
salts by potassium hydroxide. Now if double decomposition depends 
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on affinity, and not on the nature of the base, the salts of diiso- 
butylamine should not be decomposed by pyridine, aniline, or nico- 
tine, and the author found that the sulphnte and chloride are not 
decomposed, after first proving that the solubility of the amine in 
water is not, affected by the presence of the other bases mentioned. 

Organic and inorganic bases may be divided into two groups, the 
one being comparable to the alkalis, and *he other to feebler metallic 
bases, the rat.io established for one acid holding good as a general 
rule for a11 the others. When ail alkaline base and a feeble base ape 
simultancously in presence of the same acid, the affinity of the alka- 
line base alone seems to be active, and the salts of the strong 
base are not decomposed by the feeble base, whatever be the nature 
and solubilitv of the b2ses, provided that they form soluble salts. 
I n  other words, Ber%hollet’s laws do not hold good. From a thermo- 
chemical point of view. this fact may be stated approximately in the 
followinc terms : When two bases, by their separate union with the 
same acid, develop very d i f w e n t  qiiantities of ht.at, the salts formed 
with the greater dereloptnent of heat are nclt deconiposed by the 
feebler bwe, whRtever may be the direction of the interaction in&- 
cnted by Berthollet’s laws. 

Reactions of Organic Bases. By A. COLSON (Compt. rend., 111, 
26ti-268).-Plperidine precipitates caleinm from solations of its 
soluble salts, although the  heat of formation of piperidine chloride, 
+ 13 Cal., is less than that of caleiuin chloride, + 14 Czl. Moreover, 
the heat 04 formation of piperidine chloride in ally state is less than 
that of ammonium chloride, and yet ammonia dses not precipitate 
solutions of cnlcinm chloride. 

Pyridine displaces aniline from solntions of its chloride, a1 hhongh 
the heat of formation of andine chloride is greater than that of 
pyridine chloride. The result cannot be attributed to the formation 
of a pyridine dihydrochloride, for the latter is unstable in presence of 
water, and its beat of formation is very small. 

It would seem that in these cases Berthilet’s laws hold good, but 
the ordinary thermochemical laws do not, and the author concludes 
that for bases of the  same order, Berthollet s laws are true, whatever 
the direction of change itidicated by the thermochemical data. 

New Principle of D e t m i n h g  Molmular Weights By W. 
NERNST (Zeit. physikaE. Chem., 6, 16--36).-1t bas been shown by 
Van’t Hoff and Tamuiann that iso-osmotic solutions have equal vapour 
tensions. Regarding the psocess of dissslution 2s equivalent to that 
of vaporisation (Nernst, this V O ~ . ,  p- 3), the tensions of different 
solutions towards any particular solvent will be subject to the same 
law. Hence if two iso-osmotic aqueous solutions are s‘haken, say, with 
carbon bisulphide, the latter will remove equal quantities of water 
from each. If the osmotk pressures of the solutions differ, t h a t  of 
lowar osmotic pressure will part with more vratttr tlian that with the 
higher. Rut,  since the osmotic pvessure of a solution changes with 
the amount and tke nature of the: dissolved salt which it contains, the 
amount of water or other solvent which passes fkom the solution into 

C. H. B. 

C. H. B. 
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the carbon bisulphide or other liquid will vary as the dissolved salt 
Ynries. The osmotic pressure being also dependent on the molecular 
weight of the dissolved substance, there mill obviously be a relation 
hetween this latter and the amount of solvent which will be dissolved 
ont, of the solution by some second liquid. This relation can be 
determined from thermodynamical considerations, and may be formu- 
lated as follows: The relative decrease in solubility towards some 
second liquid which a solvent undergoes, owing to the addition of 
some foreign substance, is as the number of moleciiles of the dissolved 
foreign substance to  the number of molecules of the solvent. Hence 
if n is the numbsr of foreign molecules dissolved in 100 mols. of the 
solvent, and a and a' the solubilities of the pure solvent a.nd of the 
solution, (a  - ( ) / a '  = n/100. This law VVRS tested and found to be 
correct for solutions of various substances in valeric acid and ether, the 
second liquid used in each case being water. The amount of valeric 
acid dissolved out by the water was determined in each case by titra- 
tion, and the amount of ether by taking the specific gravities of the 
rtqiieous solutions. If x is the number of grams of a substance of 
niolecular weight M dissolved in 100 gram mols. of the solvent, 
?z = &I/%, and we thus have a method of determining the molecular 
weight of the dissolved substance by measuring the solubility of its 
solution in some second solvent. 

If a mixt,ure of two liquids, such as ether and water, is cooled to it 
sufficiently low temperature, one of them, in this case the water, will 
begin to freeze. The point a t  which this will take place will be that 
corresponding to the reduction in the freezing point of water caused 
by the addition of the ether. I f  in the ether a third substance is 
dissolved which is not soluble in water, then, in accordanct: with the 
law stated above, the solubility of tlie ether i n  tlie water will be 
lessened, and hence the freezing point of the aqueous solution will 
rise If to is the freezing point of a solution of pure ether in water, 
and t the freeziiig point after the addition of a foreign substarice of 
molecular weight M, m grams of tlie latter being dissolved in 
100 grams of ether, t2hen t / ( to - t )  = 74m/lOuM. The method can, 
therefore, be used to determine an unknown molecular weight, and 
experiments are quoted which demonstrate its correctness. Solutions 
other than those of ether and water may, of course, be used, if they 
fulfil the above necessary conditions. H. C. 
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